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SYSTEM AND METHOD OF ANALYZING In an exemplary embodiment of the inventive concept , the 
INTEGRATED CIRCUIT IN calculating of the first capacitance of the first net includes 

CONSIDERATION OF A PROCESS calculating a first coefficient based on a second coefficient 
VARIATION set in advance and the number of wiring layers , wherein the 

second coefficient corresponds to a coefficient of a standard 
CROSS - REFERENCE TO RELATED deviation of probability distribution according to the process 

APPLICATIONS variation , and calculating the first capacitance of the first net 
based on at least one of the plurality of capacitances corre 

This application claims priority under 35 U . S . C . § 120 to sponding to the first net and the first coefficient . 
U . S . Patent Application No . 62 / 139 , 103 , filed on Mar . 27 . 10 In an exemplary embodiment of the inventive concept , as 
2015 , in the United States Patent and Trademark Office , and the number of wiring layers increases , the second coefficient 
under 35 U . S . C . $ 119 to Korean Patent Application No . to Korean Patent Application No decreases . 
10 - 2015 - 0123198 , filed on Aug . 31 , 2015 , in the Korean In an exemplary embodiment of the inventive concept , the 
Intellectual Property Office , the disclosures of which are counting of the number of wiring layers corresponding to the 
incorporated by reference herein in their entireties . 15 first net includes calculating a first number of wiring layers 

based on lengths of patterns included in the wiring layers of 
TECHNICAL FIELD the first net and the number of wiring layers , wherein the first 

number of wiring layers is substantially inversely propor 
The inventive concept relates to a system and a method of tional to the lengths of the patterns in the wiring layers of the 

analyzing an integrated circuit , and more particularly , to a 20 first net . 
system and a method of analyzing an integrated circuit in In an exemplary embodiment of the inventive concept , the 
consideration of a process variation . first net is connected to one output pin and first and second 

input pins , wherein the counting of the number of conduct 
DISCUSSION OF THE RELATED ART ing segments corresponding to the first net includes counting 

25 a number of first wiring layers , wherein the first wiring 
Semiconductor manufacturing process technologies , layers include wiring layers corresponding to a first path 

enable the manufacture of semiconductor devices that between the output pin and the first input pin , counting a 
include a large number transistors that operate at high number of second wiring layers , wherein the second wiring 
speeds . Accordingly , when designing an integrated circuit layers include wiring layers corresponding to a second path 
for a semiconductor device , methods are employed to ana - 30 between the output pin and the second input pin , and 
lyze the circuit ' s timing . selecting the smaller of the number of first wiring layers and 

A delay time of a signal generated in an interconnection the number of second wiring layers as the number of wiring 
of the integrated circuit may be calculated when analyzing layers of the first net . 
a timing of the integrated circuit . A physical structure of the In an exemplary embodiment of the inventive concept , 
interconnection may vary depending on the manufacturing 35 when a timing analysis of the integrated circuit is a path 
process of the semiconductor device . Thus , a process varia based analysis , the calculating of the first resistance or the 
tion may be taken into account when calculating a delay time first capacitance of the first net includes calculating a first 
of a signal generated in the interconnection . resistance or a first capacitance of the first path based on the 

number of first wiring layers , and calculating a second 
SUMMARY 40 resistance or a second capacitance of the second path based 

on the number of second wiring layers . 
According to an exemplary embodiment of the inventive In an exemplary embodiment of the inventive concept , the 

concept , a computer implemented method for analyzing a counting of the number of conducting segments correspond 
timing of an integrated circuit , wherein an interconnection ing to the first net includes receiving a number of vias 
of a first net of the integrated circuit includes at least one 45 corresponding to the first net , and the calculating of the first 
conducting segment corresponding to one wiring layer or resistance of the first net includes calculating a resistance of 
one via , includes receiving a plurality of resistances and a the vias corresponding to the first net based on the number 
plurality of capacitances , which correspond to the first net , of vias corresponding to the first net . 
based on a process variation , counting a number of conduct . In an exemplary embodiment of the inventive concept , the 
ing segments corresponding to the first net , and calculating 50 calculating of the resistance of the vias corresponding to the 
a first resistance or a first capacitance of the first net , based first net includes determining a variation level of the first net 
on the number of conducting segments , the plurality of based on a type of a signal transmitted through the first net , 
resistances , and the plurality of capacitances . and selectively referring to a first via table or a second via 

In an exemplary embodiment of the inventive concept , the table based on the variation level , wherein the first via table 
counting of the number of conducting segments correspond - 55 or the second via table includes variations of vias corre 
ing to the first net includes counting a number of wiring sponding to the number of vias corresponding to the first net . 
layers corresponding to the first net from topological data of In an exemplary embodiment of the inventive concept , as 
the first net . the number of vias increases , the resistance of the vias 

In an exemplary embodiment of the inventive concept , approaches a nominal resistance of the vias . 
each wiring layer of the integrated circuit has a probability 60 In an exemplary embodiment of the inventive concept , the 
distribution of a unit capacitance based on the process receiving of the plurality of resistances and the plurality of 
variation , wherein the receiving of the plurality of resis - capacitances includes receiving a plurality of resistances and 
tances and the plurality of capacitances includes receiving a a plurality of capacitances for of the at least one conducting 
capacitance corresponding to an average value of the prob - segment based on the process variation , wherein the receiv 
ability distribution and at least one value that is separate 65 ing of the number of vias includes counting conducting 
from the average value by as much as a multiple of a segments having the plurality of resistances that are equal to 
standard deviation of the probability distribution . each other . 
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In an exemplary embodiment of the inventive concept , the number of vias and the second path includes a second 
receiving of the number of vias includes counting a number number of vias that is greater than the first number of vias , 
of first level vias formed at a first level from among vias the counted number of vias of the first net equals the first 
included in the interconnection of the first net and a number number of vias . 
of second level vias formed at a second level from among 5 
the vias included in the interconnection of the first net and BRIEF DESCRIPTION OF THE DRAWINGS 
generating a weighted sum as the number of vias corre 
sponding to the first net , wherein the weighted sum is The above and other features of the inventive concept will 
obtained by applying a first weight to the number of first become more clearly understood by describing in detail 
level vias and applying a second weight to the number of 10 exemplary embodiments thereof with reference to the 
second level vias . accompanying drawings , in which : 

According to an exemplary embodiment of the inventive FIG . 1 is a flowchart illustrating a method of analyzing an 
concept , a computer implemented method for analyzing a integrated circuit , according to an exemplary embodiment of 
timing of an integrated circuit , wherein an interconnection the inventive concept ; 
of a first net of the integrated circuit includes at least one 15 FIG . 2 is a diagram illustrating cross - sections of patterns 
conducting segment corresponding to one wiring layer or formed differently due to a process variation according to an 
one via includes receiving a technology file and design data exemplary embodiment of the inventive concept ; 
of the integrated circuit , extracting a plurality of resistances FIG . 3 is a graph showing the distribution of a unit 
and a plurality of capacitances which correspond to a capacitance of a wiring layer according to an exemplary 
process variation of the first net , counting a number of 20 embodiment of the inventive concept ; 
conducting segments corresponding to the first net from the FIG . 4 is a diagram of a structure in which a plurality of 
design data , calculating a corner resistance and a corner wiring layers are stacked in an integrated circuit , according 
capacitance of the first net based on the number of conduct to an exemplary embodiment of the inventive concept ; 
ing segments , the plurality of resistances , and the plurality of FIG . 5A is a diagram illustrating an analysis result when 
capacitances , and calculating a delay time of the first net 25 variations in the same direction are applied to elements of an 
based on the corner resistance and the corner capacitance . integrated circuit when analyzing a corner case of the 

In an exemplary embodiment of the inventive concept , the integrated circuit , according to an exemplary embodiment of 
counting of the number of conducting segments correspond the inventive concept ; 
ing to the first net includes receiving a number of vias FIG . 5B is a diagram illustrating an analysis result when 
corresponding to the first net , and the calculating of the 30 variations in the same direction are applied to elements of an 
corner resistance and the corner capacitance of the first net integrated circuit when analyzing a corner case of the 
includes calculating a corner resistance of the vias based on integrated circuit , according to an exemplary embodiment of 
the number of vias . the inventive concept ; 

According to an exemplary embodiment of the inventive FIG . 6 is a graph showing a result of a method of 
concept , a computer implemented method for analyzing a 35 analyzing an integrated circuit , according to an exemplary 
timing of an integrated circuit includes providing a parasitics embodiment of the inventive concept ; 
description file or design data corresponding to a first net of FIG . 7 is a flowchart illustrating operation S3 of FIG . 1 , 
the integrated circuit , providing a technology file , providing according to an exemplary embodiment of the inventive 
a corner coefficient , wherein the corner coefficient indicates concept ; 
a multiple of a standard deviation according to a process 40 FIG . 8A is a flowchart illustrating an implementation of 
variation , counting a number of vias of the first net from the operation S30 of FIG . 7 , according to an exemplary embodi 
parasitics description file or from the first net , and calculat - ment of the inventive concept ; 
ing a corner resistance of vias in the first net using the FIG . 8B is a flowchart illustrating an implementation of 
counted number of vias , the technology file , and the corner operation S30 of FIG . 7 , according to an exemplary embodi 
coefficient , wherein the corner resistance indicates a resis - 45 ment of the inventive concept ; 
tance of the vias in the first net that accounts for the process FIG . 9 is a flowchart illustrating operation S5 of FIG . 1 , 
variation . according to an exemplary embodiment of the inventive 

In an exemplary embodiment of the inventive concept , the concept ; 
number of vias is counted using topological data of the FIG . 10 is a flowchart illustrating operation S50 of FIG . 
integrated circuit included in the design data , or by counting 50 9 , according to an exemplary embodiment of the inventive 
resistors having equal resistances included in the parasitics concept ; 
description file . FIG . 11 is a diagram illustrating counting the number of 

In an exemplary embodiment of the inventive concept , the metal layers corresponding to a net connected to three or 
technology file includes an first via table and a second via more pins , according to an exemplary embodiment of the 
table , wherein calculating the corner resistance of vias in the 55 inventive concept ; 
first net includes determining whether to use the first via FIG . 12 is a flowchart illustrating operations S7 and S9 of 
table or the second via table based on a type of signal passing FIG . 1 , according to an exemplary embodiment of the 
through the first net , and wherein calculating the corner inventive concept ; 
resistances of the vias in the first net is based on the FIG . 13 is a flowchart illustrating operation S70 of FIG . 
determined first via table or second via table , the counted 60 12 , according to an exemplary embodiment of the inventive 
number of vias , and the corner coefficient . concept ; 

In an exemplary embodiment of the inventive concept , FIG . 14 is a graph showing a relation between the number 
when the counted number of vias increases , a variation of of vias formed in a layout of an integrated circuit and the 
via resistance decreases . variation of via resistance according to an exemplary 

In an exemplary embodiment of the inventive concept , 65 embodiment of the inventive concept ; 
when the first net includes a first path and a second path for FIG . 15 is a diagram illustrating an analysis result when 
transmitting a signal , and when the first path includes a first variations in the same direction are applied to resistances of 



US 10 , 372 , 869 B2 

vias as conducting segments when analyzing a corner case , nection ( or net ) . Hereinafter , one net may be referred to as 
according to an exemplary embodiment of the inventive one interconnection in a layout of an integrated circuit . In 
concept ; addition , a wiring layer may be referred to as a metal layer 

FIG . 16 is a flowchart illustrating operation S50 of FIG . including a metal as a conductive material . In other words , 
9 and operation S70 of FIG . 12 , according to an exemplary 5 one net may be one interconnection and includes patterns 
embodiment of the inventive concept ; formed in a wiring layer and / or vias connected to the wiring 

FIG . 17 is a diagram illustrating a technology file that is layer . The patterns and vias may be conducting ( e . g . , con 
used in the example of FIG . 16 according to an exemplary ductive ) segments of the net . However , according to exem 
embodiment of the inventive concept ; plary embodiments of the inventive concept , wiring layers 

FIG . 18 is a flowchart illustrating operation S78 of FIG . 10 may include a conductive material other than metal . 
16 , according to an exemplary embodiment of the inventive xemplary embodiment of the inventive FIG . 1 is a flowchart illustrating a method of analyzing an 
concept ; integrated circuit , according to an exemplary embodiment of 

FIG . 19 is a flowchart illustrating operation S70 of FIG . the inventive concept . 
12 , according to an exemplary embodiment of the inventive In operation S1 , an operation of receiving a technology 
concept ; 15 file and design data of the integrated circuit may be per 

FIG . 20 is a flowchart illustrating a timing analysis formed . The technology file may include information about 
operation of FIG . 19 , according to an exemplary embodi a process by which a semiconductor device including the 
ment of the inventive concept ; integrated circuit is manufactured . For example , the tech 

FIG . 21 is a flowchart illustrating analyzing a timing of an nology file may include a unit resistance and a unit capaci 
integrated circuit , according to an exemplary embodiment of 20 tance of each wiring layer of a particular net , and may also 
the inventive concept ; include a unit resistance of a via formed at each level . In 

FIG . 22 is a block diagram of a computer - readable storage addition , as described below with reference to FIGS . 2 and 
medium according to an exemplary embodiment of the 3 , the technology file may include information ( for example , 
inventive concept ; and a standard deviation o ) related to the distribution of the unit 

FIG . 23 is a block diagram of a computing system 25 resistance and the distribution of the unit capacitance of each 
according to an exemplary embodiment of the inventive wiring layer according to a process variation . 
concept . The design data of the integrated circuit may include 

information about the integrated circuit . For example , the 
DETAILED DESCRIPTION OF THE design data of the integrated circuit may include topological 

EMBODIMENTS 30 data about a layout of the integrated circuit , and may also 
include a netlist indicating elements ( e . g . , conductive seg 

Exemplary embodiments of the inventive concept will ments ) included in the integrated circuit and the electrical 
now be described more fully hereinafter with reference to connection relation of the elements . If it is determined , by a 
the accompanying drawings . It should be understood , how method according to an exemplary embodiment of the 
ever , that the inventive concept may be embodied in differ - 35 inventive concept , that an integrated circuit defined by 
ent forms and should not be construed as limited to the design data of the integrated circuit has a weak ( e . g . , poor ) 
embodiments set forth herein . Like reference numerals refer timing performance , a designer may change the design data 
to like elements throughout the specification . In the draw of the integrated circuit by performing a synthesis or place 
ings , the thicknesses of layers and regions may be exagger and routing ( P & R ) again . Next , the designer may analyze 
ated for clarity . 40 the integrated circuit again with the changed design data of 
An integrated circuit or a layout of an integrated circuit the integrated circuit by using the method according to the 

may include a structure in which a plurality of layers are exemplary embodiment of the inventive concept described 
stacked , and may include a plurality of patterns formed in with reference to FIG . 1 . 
each of the plurality of layers . Wiring layers of the plurality Unit resistances and unit capacitances , included in the 
of layers may include a conductive material and provide a 45 technology file , may be used for calculating a delay time of 
path through which an electrical signal passes . Patterns a signal which occurs in an interconnection of the integrated 
formed in wiring layers at different levels may be electrically circuit . In other words , a delay time of a signal which occurs 
connected to each other through vias including a conductive in an interconnection of the integrated circuit may be 
material . One net having an equal potential in an equivalent calculated by applying unit resistances and unit capaci 
circuit diagram of an integrated circuit may correspond to 50 tances , included in the technology file , to the integrated 
one interconnection in a layout of the integrated circuit , and circuit . This may be done based on physical information of 
the one interconnection may include patterns formed in a an interconnection included in the design data of the inte 
wiring layer and / or vias electrically connected to each other . grated circuit . The physical information of an interconnec 
A pattern formed in a wiring layer or a via which forms one tion included in design data of the integrated circuit may 
interconnection may be referred to as a conducting segment . 55 include , for example , a level of a wiring layer in which 
In other words , one interconnection may include at least one patterns included in the interconnection are disposed , a 
conducting segment . A delay time of a signal which occurs width and a length of each pattern , and a level having vias 
in an interconnection may be calculated based on a resis - disposed therein . 
tance - capacitance ( RC ) delay that is caused due to parasitic In operation S3 , an operation of providing a plurality of 
resistance and parasitic capacitance in a conductive segment 60 resistances and a plurality of capacitances , which corre 
included in the interconnection . spond to a first net , based on a process variation may be 

A method of analyzing timing of an integrated circuit , performed . In order to design an integrated circuit while 
according to an exemplary embodiment of the inventive taking into account a process variation , it may be assumed 
concept , may accurately analyze , in a relatively short time , that elements of the integrated circuit are in a state deviated 
a delay time of a signal , which occurs in an interconnection , 65 from a nominal state , and the integrated circuit including the 
by statistically reflecting a process variation based on the elements in the state deviated from the nominal state may be 
number of conducting segments included in one intercon - analyzed . The deviated state of the elements of the inte 
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grated circuit may mean that the conductive elements of the a more realistic analysis of the actual state of the integrated 
integrated circuit have increased or decreased resistance circuit by avoiding a pessimistic or optimistic analysis based 
and / or capacitance with respect to their nominal state . For on the number of conducting segments of an interconnec 
example , based on a variation of a process by which a tion . The number of conducting segments will be described 
semiconductor device including an integrated circuit is 5 later with reference to FIGS . 9 to 11 and FIGS . 14 to 17 . 
manufactured , the variation may be applied to unit resis - In operation S7 , an operation of calculating a corner 
tances and unit capacitances , and a worst case or a best case resistance and a corner capacitance of the first net may be 
may be derived according to a direction in which the performed . As described above , a corner value , such as the 
variation is reflected . For example , variation of elements corner resistance and the corner capacitance , may be 
applied in a first direction may mean that the elements have 10 referred to as a characteristic value which an element ( for 
increased capacitance and / or resistance with respect to their example , a pattern formed in a wiring layer or a via ) of an 
nominal resistance and / or capacitance , and variation of integrated circuit has when the integrated circuit is in a 
elements applied in a second direction opposite to the first corner state . The corner resistance and the corner capaci 
direction may mean that the elements have decreased tance of the first net may be calculated based on the number 
capacitance and / or resistance with respect to their nominal 15 of conducting segments of the first net , the plurality of 
resistance and / or capacitance . In this case , the direction in resistances , and the plurality of capacitances of the conduct 
which the variation is reflected may be referred to as a ing segments of the first net . Since the corner resistance and 
direction in which characteristic values ( e . g . , capacitance the corner capacitance of the first net is calculated based on 
and / or resistance ) of the elements of the integrated circuit the number of conducting segments in operation S7 , a corner 
increase or decrease so as to strengthen or weaken any 20 case of an actual integrated circuit may be provided . 
characteristic of the integrated circuit . In this manner , a state In operation S9 , an operation of generating a timing report 
of an integrated circuit including elements in which varia of the integrated circuit may be performed . The timing 
tion has been reflected in a predetermined direction may be report may include information about delay times of signals 
referred to as a corner case . A characteristic value , such as generated by elements of the integrated circuit , and a 
resistance or capacitance , which an element has in the corner 25 designer may determine a timing performance of the inte 
case may be referred to as a corner value . For example , a grated circuit from the timing report . 
corner resistance of a first net may include conducting FIG . 2 is a diagram illustrating cross - sections of patterns 
elements of the first net having resistances which account for formed differently due to a process variation according to an 
a process variation . For example , a corner capacitance of the exemplary embodiment of the inventive concept . For 
first net may include conducting elements of the first net 30 example , FIG . 2 shows cross - sections obtained by cutting 
having capacitances which account for a process variation patterns , formed in a first metal layer M1 and a second metal 
As an integrated circuit is analyzed in the corner case , an layer M2 , parallel to a stack direction of an integrated 
integrated circuit that is robust and has a reduced perfor - circuit . In FIG . 2 , dashed lines indicate sizes and positions 
mance margin may be designed based on the analysis result of patterns in an integrated circuit 10b illustrated in the 
of the corner case . 35 center of FIG . 2 . In some cases , the metal layers may be 

According to an exemplary embodiment of the inventive denoted as “ ML " in the drawings . 
concept , a plurality of resistances and a plurality of capaci In the integrated circuit 10b illustrated in the center of 
tances may be provided to each conducting segment FIG . 2 , each pattern of the second metal layer M2 may have 
included in an interconnection of an integrated circuit . Each a nominal resistance and a nominal capacitance . In other 
of the plurality of resistances and each of the plurality of 40 words , as patterns of the first and second metal layers M1 
capacitances may correspond to a mean value ( or nominal and M2 are formed in sizes required by a designer without 
value ) of a probability distribution and a multiple of stan - being influenced by a process variation , each of the patterns 
dard deviation for the conductive segments depending on the of the second metal layer M2 may have a nominal resistance 
process variation , as described above . The plurality of and a nominal capacitance . Even if it is intended to form 
resistances and the plurality of capacitances are described in 45 patterns like the integrated circuit 106 , the patterns may be 
detail below with reference to FIG . 7 . formed like an integrated circuit 10a illustrated on a left side 

In operation S5 , an operation of counting the number of of FIG . 2 or an integrated circuit 10c illustrated on a right 
conducting segments corresponding to the first net may be side of FIG . 2 , due to a process variation . 
performed . As described above , one net or one interconnec - A resistance of a pattern may be inversely proportional to 
tion of an integrated circuit may include at least one con - 50 the width ( e . g . , a length in a direction that is perpendicular 
ducting segment . The number of conducting segments may to a stack direction and is perpendicular to a moving 
include the number of wiring layers forming the first net ( or direction of a signal ) of the pattern and the height ( e . g . , a 
an interconnection corresponding to the first net ) and / or the length in a direction that is parallel to the stack direction ) of 
number of vias . In addition , the number of conducting the pattern . In other words , as a cross - section area of a 
segments may be derived from the number of wiring layers 55 pattern decreases , a resistance of the pattern may increase . 
and / or the number of vias . As a distance between a pattern and an adjacent pattern 
As described below , one interconnection may include decreases , a capacitance of the pattern may increase . In 

conducting segments between which a correlation is weak . addition , as a surface area of the pattern is larger than that 
The weak correlation may be due to , for example , the of the adjacent pattern , the capacitance of the pattern may 
different processes used to manufacture the metal layers or 60 increase . Accordingly , in the integrated circuit 10a illus 
vias . For example , different processes may have different trated on the left side of FIG . 2 , patterns of the second metal 
manufacturing tolerances . Analyzing a corner case by apply - layer M2 may have a resistance higher than the nominal 
ing variations in the same direction to all characteristic resistance and a capacitance lower than the nominal capaci 
values of the conducting segments may cause a pessimistic tance . In the integrated circuit 10c illustrated on the right 
or optimistic analysis of an integrated circuit , and may not 65 side of FIG . 2 , patterns of the second metal layer M2 may 
reflect an actual state of the integrated circuit . The method have a resistance lower than the nominal resistance and a 
according to the current exemplary embodiment may enable capacitance higher than the nominal capacitance . 
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FIG . 3 is a graph showing the distribution of a unit metal layer M1 , the third via V3 may electrically connect the 
capacitance of a wiring layer . The horizontal axis of FIG . 3 third metal layer M3 to the second metal layer M2 , and so 
indicates a unit capacitance of a wiring layer ( e . g . , a metal on . 
layer ) , and the vertical axis of FIG . 3 indicates the number The first through seventh metal layers M1 to M7 may 
of integrated circuits having corresponding unit capaci - 5 have different correlations according to manufacturing pro 
tances . cesses . In other words , in a case in which a deposition 

Referring to FIG . 3 , the unit capacitance of a wiring layer process and an etching process are performed at time points 
close to each other or by methods similar to each other , or may have a positive variation or a negative variation , in a case in which materials used in the processes are similar centering on an average value ( or nominal value ) C _ mean . 

The distribution of the unit capacitance of the wiring layer 10 to each other , when processes of forming a pattern in 
different metal layers are correlated with each other , the may be a probability distribution that is defined as an metal layers having a pattern formed therein may have a average value u and a standard deviation o . Accordingly , relatively strong correlation . In a case in which a deposition 

C _ mean = u . process and an etching process are performed at time points 
When timing of an integrated circuit is analyzed based on 15 on 15 not close to each other or by methods different from each 

the distribution of a fixed characteristic value instead of the other , or in a case in which materials used in the manufac 
fixed characteristic value for elements included in the inte turing processes are different from each other , when pro 
grated circuit , for example , a pattern formed in a wiring cesses of forming a pattern in different metal layers are not 
layer , a via , and a transistor , the accuracy of an analysis correlated with each other , the metal layers having a pattern 
result may be increased . However , since this analysis ( e . g . , 20 formed therein may have a relatively weak correlation . For 
a statistical timing analysis ) analyzes the distribution of a example , as illustrated in FIG . 4 by the curvy arrows , the 
characteristic value corresponding to each of the elements first through third metal layers M1 to M3 may have a strong 
included in the integrated circuit and a correlation of distri - correlation with one another , the fourth and fifth metal layers 
butions between the elements , a long analysis time may be M4 and M5 may have a strong correlation with each other , 
required . However , an analysis for a corner case may be 25 and the sixth and seventh metal layers M6 and M7 may have 
relatively short . a strong correlation with each other . 

A method of analyzing timing of an integrated circuit , If variations in the same direction of , for example , respec 
according to an exemplary embodiment of the inventive tive maximum unit capacitances , are applied to patterns 
concept , may be used based on the number of conducting formed in the first metal layer M1 and the fourth metal layer 
segments in which some capacitances in the distribution of 30 M4 , respectively , which have a weak correlation with each 
a unit capacitance of a wiring layer correspond to an o ther , when analyzing a corner case of an integrated circuit , 
interconnection . Accordingly , the method may have a rela - a resultant timing analysis may be pessimistic . As described 
tively short analysis time and increase the accuracy of an below with reference to FIG . 14 , vias may have independent 
analysis result . For example , as illustrated in FIG . 3 , capaci - characteristics and a resistance of each via may have a 
tances that are separate from the average value u by as much 35 similar distribution to the graph illustrated in FIG . 3 . Thus , 
as multiples of the standard deviation o , for example , o , 2o , if all vias included in an interconnection are regarded as 
and 30 , may be used . Although capacitances having positive having variations in the same direction when analyzing a 
deviations o , 2o , and 30 from the average value u are corner case of an integrated circuit , a resultant timing 
illustrated in FIG . 3 , capacitances having negative devia analysis may be pessimistic or optimistic . Examples of this 
tions - 0 , - 20 , and - 30 from the average value u may be 40 phenomenon will be described below in detail with refer 
used . For example , a capacitance on the side of the positive ence to FIGS . 5A and 5B . 
deviations o , 20 , and 30 is higher than the nominal capaci - FIG . 5A is a diagram illustrating a pessimistic analysis 
tance . A capacitance on the side of the negative deviations result when variations in the same direction are applied to 
- 0 , - 20 , and - 30 is lower than the nominal capacitance . elements of an integrated circuit when analyzing a corner 
Although a unit capacitance of a wiring layer is illustrated 45 case of the integrated circuit , according to an exemplary 

in FIG . 3 , a unit resistance of the wiring layer may also have embodiment of the inventive concept . FIG . 5B is a diagram 
a distribution similar to that of the graph illustrated in FIG . illustrating an optimistic analysis result when variations in 
3 . Hereinafter , the method of analyzing an integrated circuit , the same direction are applied to elements of an integrated 
according to an exemplary embodiment of the inventive circuit when analyzing a corner case of the integrated circuit , 
concept , is mainly described in terms of capacitance for the 50 according to an exemplary embodiment of the inventive 
convenience of description . However , extraction and calcu - concept . 
lation of resistance may also be implemented by using a Referring to FIG . 5A , the integrated circuit may include 
similar method . two blocks 20 and 40 , and the two blocks 20 and 40 may be 

FIG . 4 is a diagram of a structure in which a plurality of electrically connected to each other via two nets NET _ A , 
wiring layers are stacked in an integrated circuit , according 55 NET _ B . Block 20 may be referred to as Block _ A and block 
to an exemplary embodiment of the inventive concept . As 40 may be referred to as Block _ B . The net NET _ A may 
described above , each of the wiring layers may include a provide a path ( e . g . , a data path ) for transmitting a signal 
metal , and may be referred to as a metal layer . output from the block 20 to the block 40 , and the net NET _ B 

Referring to FIG . 4 , the integrated circuit may include may provide a path ( e . g . , a clock path ) through which a clock 
first through seventh metal layers M1 to M7 , and may also 60 signal is supplied to the block 20 and the block 40 . For 
include first through seventh vias V1 to V7 that electrically example , each of the blocks 20 and 40 may include at least 
connect the first through seventh metal layers M1 to M7 to one flip - flop for receiving the clock signal via the net 
each other . For example , the first via V1 may form a contact NET _ B . As illustrated in FIG . 5A , in a layout of the 
with an active region of a transistor disposed under the first integrated circuit , the net NET A ( or an interconnection of 
via V1 , and may electrically connect the first metal layer M1 65 the net NET _ A ) may be formed by using a greater number 
to the active region of the transistor . The second via V2 may of metal layers than the net NET _ B . For example , the net 
electrically connect the second metal layer M2 to the first NET _ A is formed by using the metal layers M1 , M2 , M3 , 
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M4 , and M5 , and the net NET _ B is formed by using the Accordingly , the unit capacitance of the first metal layer M1 
metal layer M4 . Thus , the net NET _ A may be formed by and the unit capacitance of the fourth metal layer M4 may 
using more metal layers and vias than the net NET _ B . Each have independent distributions . As indicated by a dark area 
of the metal layers M1 , M2 , M3 , and M4 of the net NET _ A in FIG . 6 , the probability that the unit capacitances of the 
may include a plurality of patterns . The net NET _ A may 5 first and fourth metal layers M1 and M4 have nominal values 
include vias connected to at least two of the metal layers M1 , ( or average values ) may be relatively high . 
M2 , M3 , M4 and M5 . The net NET _ B may include patterns When not taking into account a weak correlation between 
formed in the fourth metal layer M4 and vias connected to the first metal layer M1 and the fourth metal layer M4 , a 
the fourth metal layer M4 . corner case in which a variation in a direction increasing a 
When a corner case is analyzed by applying a variation in 10 delay time of a signal has been reflected may correspond to 

a direction increasing a delay time of a signal to patterns and a point P1 , and a corner case in which a variation in a 
vias in the net NET _ A , a delay time of the data path may be direction decreasing a delay time of a signal has been 
calculated to be relatively long compared to that of the clock reflected may correspond to a point P2 . However , as shown 
path . Accordingly , a cost ( e . g . , a design time and / or an in FIG . 6 , the probability that the first metal layer M1 and the 
additional resource of the integrated circuit ) for satisfying a 15 fourth metal layer M4 have unit capacitances corresponding 
setup time may occur and the performance of the integrated to the points P1 and P2 is very low . Thus , analyzing a corner 
circuit may be lowered . case based on the points P1 and P2 may be pessimistic or 

Referring to FIG . 5B , similar to the example of FIG . 5A , optimistic . 
a net NET _ A ' may provide a data path and a net NET _ B ' A method according to an exemplary embodiment of the 
may provide a clock path . As illustrated in FIG . 5B , in a 20 inventive concept may move the points P1 and P2 to corner 
layout of the integrated circuit , the net NET _ A ' may include cases points P3 and P4 , respectively , as shown in FIG . 6 by 
patterns and vias formed in a first metal layer M1 , and the using statistical cancel - out . In other words , by making a 
net NET _ B ' may include patterns and vias formed in a fourth corner case in which variation in a direction increasing a 
metal layer M4 . The first metal layer M1 and the fourth delay time of a signal has been reflected to correspond to the 
metal layer M4 have a weak correlation with each other . 25 point P3 instead of the point P1 , an analysis of the corner 

When variation in a direction decreasing a delay time of case may be appropriately pessimistic . In addition , by mak 
a signal is applied to the patterns and vias , included in the ing a corner case in which variation in a direction decreasing 
net NET _ A ' and the net NET _ B ' , without taking into a delay time of a signal has been reflected to correspond to 
account a weak correlation between the first metal layer M1 the point P4 instead of the point P2 , an analysis of the corner 
and the fourth metal layer M4 , an optimistic analysis result 30 case may be appropriately optimistic . Methods of analyzing 
may be provided . For example , an analysis result may an integrated circuit according to exemplary embodiments 
estimate a margin for a setup time to be relatively large due of the inventive concept will be described in detail below 
to a delay time of the data path calculated to be relatively with reference to the diagrams . 
small . Thus , when the first metal layer M1 is formed in a FIG . 7 is a flowchart illustrating operation S3 of FIG . 1 , 
direction increasing a delay time of a signal , whereas the 35 according to an exemplary embodiment of the inventive 
fourth metal layer M4 is formed in a direction decreasing a concept . As described above with reference to FIG . 1 , an 
delay time of a signal , the setup time may be violated . In operation of providing a plurality of resistances and a 
addition , when a variation in a direction increasing a delay plurality of capacitances , which correspond to a first net , 
time of a signal is applied to patterns and vias included in the based on a process variation , may be performed in operation 
net NET _ A ' and the net NET _ B ' without taking into account 40 S3 . 
a weak correlation between the first metal layer M1 and the Referring to FIG . 7 , a technology file 100 and a design 
fourth metal layer M4 , an optimistic analysis result may be data 200 of an integrated circuit may be provided . The 
provided . For example , an analysis result may estimate a technology file 100 may include unit resistances and unit 
margin for a hold time to be relatively large due to a delay capacitances of metal layers based on a process , and may 
time of the data path calculated to be relatively large . Thus , 45 also include resistances of vias . Also , the technology file 100 
when the first metal layer M1 is formed in a direction may include a plurality of unit resistances and a plurality of 
decreasing a delay time of a signal , and the fourth metal unit capacitances for one metal layer , based on the distri 
layer M4 is formed in a direction increasing a delay time of butions of unit resistance and unit capacitance which are 
a signal , the hold time may be violated . As a result , an determined by processes . For example , as illustrated in FIG . 
integrated circuit having a low performance margin may be 50 7 , the technology file 100 may include a value C _ 0 , which 
designed . Thus , a failure rate of a manufactured integrated is an average value u in the distribution of a unit capacitance 
circuit may increase . of a first metal layer M1 , and values C _ 1 , to C _ N that are 

FIG . 6 is a graph showing a result of a method of separate from the average value u by as much as multiples 
analyzing an integrated circuit , according to an exemplary of a standard deviation o , respectively . For example , the 
embodiment of the inventive concept . In the graph of FIG . 55 values C _ 1 , to C _ N are larger or smaller than the average 
6 , the horizontal axis indicates a unit capacitance of the first value u by as much as multiples of a standard deviation o . 
metal layer M1 , and the vertical axis indicates a unit In addition , the technology file 100 may include a value R 0 , 
capacitance of the fourth metal layer M4 . A point at which which is an average value u in the distribution of a unit 
the horizontal axis meets the vertical axis indicates a nomi - resistance of the first metal layer M1 , and values R _ 1 , to 
nal value of the unit capacitance of the first metal layer M1 60 R _ N that are separate from the average value u of the unit 
and a nominal value of the unit capacitance of the fourth resistance by as much as multiples of a standard deviation o , 
metal layer M4 . respectively . 

As described above with reference to FIG . 4 , a pattern According to an exemplary embodiment of the inventive 
formed in the first metal layer M1 and a pattern formed in concept , the technology file 100 may include an average 
the fourth metal layer M4 may have a weak correlation with 65 value u and a standard deviation o , which correspond to one 
each other because the first metal layer M1 and the fourth metal layer , instead of a plurality of unit capacitances for one 
metal layer M4 have a weak correlation with each other . metal layer , unlike the example illustrated in FIG . 7 . In 
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operation S30 of FIG . 7 , a plurality of unit capacitances may description files 300b according to a coefficient of a standard 
be generated based on the average value u and the standard deviation that is the base of extraction . 
deviation o . FIG . 9 is a flowchart illustrating operation S5 of FIG . 1 , 

A circuit extraction operation may be performed in opera - according to an exemplary embodiment of the inventive 
tion S30 , and thus , a parasitics description file 300 may be 5 concept . As described above with reference to FIG . 1 , an 
formed . The circuit extraction operation may be referred to operation of counting the number of conducting segments 
as an operation of extracting an equivalent circuit diagram of corresponding to a first net may be performed in operation 
an integrated circuit from layout data of the integrated 
circuit . For example , with reference to a technology file 100 Referring to FIG . 9 , the integrated circuit design data 200 
including information about a process of manufacturing a 10 may be provided . An operation of counting conducting 
semiconductor device including an integrated circuit , a segments may be performed in operation S50 , and data 500 
parasitic resistance “ R ” and a parasitic capacitance “ C ” including the number of metal layers and / or the number of 
according to a physical structure of an interconnection may vias may be generated . The number of metal layers and / or 
be extracted from the topological data included in the design the number of vias may be used for determining a level ( or 
data 200 of the integrated circuit . Accordingly , the circuit 15 a sigma level ) of a standard deviation in the analysis of a 
extraction operation may be referred to as an RC extraction corner case . 
operation . According to an exemplary embodiment of the inventive 

The parasitics description file 300 may include a plurality concept , a parasitics description file 300 may be provided as 
of resistance values and a plurality of capacitances , which indicated by a dashed line in FIG . 9 . In operation S50 , the 
correspond to conducting segments forming a net . The 20 number of conducting segments , e . g . , vias , may be counted 
plurality of capacitances may include a value calculated based on a plurality of resistances and a plurality of capaci 
based on an average value u ( e . g . , zero o ) of a unit tances included in the parasitics description file 300 . Opera 
capacitance and values calculated based on unit capacitances tion S50 will be described in detail below with reference to 
that are separate by as much as multiples ( e . g . , o , 2o , 3o , the diagrams . 
and the like ) of a standard deviation from the average value 25 FIG . 10 is a flowchart illustrating operation S50 ' corre 
u of the unit capacitance . For example , as illustrated in FIG . sponding to an example of operation S50 of FIG . 9 , accord 
7 , in the parasitics description file 300 , a capacitor Cap1 ing to an exemplary embodiment of the inventive concept . 
indicating a capacitance of one conducting segment of a net As illustrated in FIG . 10 , operation S50 ' may include opera 
A may include three values x . x ' and x " . and the three values tion S52 and operation S54 , and operation S54 may be 
x , x ' , and x " may be capacitance values corresponding to 30 selectively performed . 
zero o , o , and 30 , respectively . In operation S52 , an operation of counting the number of 

FIG . 8A is a flowchart illustrating an implementation of metal layers in a first net from the integrated circuit design 
operation S30 of FIG . 7 , according to an exemplary embodi data 200 may be performed . For example , in the integrated 
ment of the inventive concept . FIG . 8B is a flowchart circuit illustrated in FIG . 5A , the number of metal layers of 
illustrating an implementation of operation S30 of FIG . 7 . 35 the net NET _ A , may be counted to be 5 . 
according to an exemplary embodiment of the inventive In operation S54 , an operation of counting an effective 
concept . For example , FIG . 8A is a flowchart illustrating an number of metal layers in the first net may be performed . 
implementation example in which a plurality of technology The operation of counting the effective number of metal 
files 100a are provided . FIG . 8B is a flowchart illustrating an layers may be selectively performed . The effective number 
implementation example of generating a plurality of para - 40 of metal layers , which is a value derived from the number of 
sitics description files 300b . metal layers counted in operation S52 , may be more suitable 

Referring to FIG . 8A , a plurality of technology files 100a for analyzing a corner case . For example , the larger a length 
may be provided . Each of the plurality of technology files of a pattern formed in a metal layer is , the more an influence 
100a may correspond to one column in the technology file according to a process variation may increase . Accordingly , 
100 of FIG . 7 . In other words , as illustrated in FIG . 8A , N + 1 45 the effective number of metal layers may be calculated based 
technology files 100a may include unit resistances and unit on lengths of the patterns formed in the metal layers . For 
capacitances , which correspond to zero o through No or example , the effective number of metal layers may be 
process parameters ( e . g . , geometric information and dielec calculated by using the following Equation 1 . 
tric ) from which the unit resistances and the unit capaci 
tances may be derived . In operation S30a , a plurality of 50 
resistances and a plurality of capacitances may be extracted [ Equation 1 ] 
based on the design data 200 of an integrated circuit and ( EL ; ) ? each of the plurality of technology files 100a . The extracted ( effective number of metal layers ) = 5121 SYLL . 
plurality of resistances and the extracted plurality of capaci 
tances may be included in a parasitics description file 300a . 55 

Referring to FIG . 8B , the plurality of parasitics descrip In Equation 1 , L ; may denote a length of a pattern formed 
tion files 300b may be generated . Each of the plurality of in an i - th metal layer ( or wiring layer ) , and p may denote a 
parasitics description files 300b may correspond to one correlation between two metal layers . Accordingly , data 502 
column in the parasitics description file 300 of FIG . 7 . In including the number of metal layers or the effective number 
other words , as illustrated in FIG . 8B , N + 1 parasitics 60 of metal layers may be generated by operation S50 ' . The 
description files 300b may include resistances and capaci effective number of wiring layers may be substantially 
tances , which correspond to zero o through No . In operation inversely proportional to the lengths of the patterns included 
S30b , a plurality of resistances and a plurality of capaci in the wiring layers of the first net . 
tances may be extracted based on design data 200 of an FIG . 11 is a diagram illustrating counting the number of 
integrated circuit and technology files 100b . The extracted 65 metal layers corresponding to a net connected to three or 
plurality of resistances and the extracted plurality of capaci - more pins , according to an exemplary embodiment of the 
tances may be included in each of the plurality of parasitics inventive concept . 



15 
US 10 , 372 , 869 B2 

16 
An integrated circuit may include a net that electrically minimum characteristic value according to a process varia 

connects three or more pins , for example , one output pin and tion . As the number of independent conducting segments , 
two or more input pins , to each other . For example , as e . g . , metal layers , increases , the degree of the stochastic 
illustrated in FIG . 11 , a first net NET _ 1 ' may electrically offset may increase . Accordingly , an effective corner coef 
connect one output pin OUT and three input pins IN1 to IN3 5 ficient that is inversely proportional to the number of metal 
to each other . Accordingly , a signal output from the output layers may be calculated in operation S72 . For example , the 
pin OUT may be transmitted to one of the three input pins effective corner coefficient may be calculated by using the IN1 to IN3 via one of three paths , e . g . , first through third following Equation 2 . paths P1 to P3 , respectively . 

Referring to FIG . 11 , the number of metal layers of the 10 
first net NET _ 1 ' may be a function of the number of metal [ Equation 2 ] layers of each of the first through third paths P1 to P3 . For 
example , as the number of metal layers increases , a differ ( corner coefficient ) ( effective corner coefficient ) = - ence ( e . g . , variation ) between a corner capacitance and a ( number of metal layers ) 
nominal capacitance decreases . Thus , to conservatively per - 15 
form a timing analysis of the net , the number of metal layers 
of a net may be the number of metal layers of the path that In operation S74 , an operation of calculating a corner 
has the least number of layers from among the plurality of capacitance and a corner resistance of a first net may be 
paths . In other words , the number of metal lavers of the first performed based on the data 502 including the number of 
net NET 1 ' may be a minimum value of the number of metal 20 metal layers and the parasitics description file 300 . Referring 
layers of the first through third paths P1 to P3 , respectively . to FIG . 7 , when a calculated effective corner coefficient is 1 , 
As described below with reference to FIGS . 19 and 20 , the a capacitance of a capacitor Capl which indicates a capaci 
number of metal layers corresponding to each path may be tance of one conducting segment of a net A may be deter 
used in a path - based analysis ( PBA ) . mined as x ' . In addition , when a calculated effective corner 

FIG . 12 is a flowchart illustrating operations S7 and S9 of 25 coefficient is 0 . 5 , the capacitance of a capacitor Cap1 may be 
FIG . 1 , according to an exemplary embodiment of the calculated by interpolating x corresponding to Oo and x ' 
inventive concept . Operation S7 and operation S9 may be corresponding to lo . 
performed by a timing analysis operation S70 . As described In operation S76 , an operation of calculating a delay of 
above with reference to FIG . 1 , an operation of calculating the first net may be performed . The delay of the first net may 
a corner resistance and a corner capacitance of a first net 30 be calculated based on the corner resistance and the corner 
may be performed in operation S7 , and an operation of capacitance of the first net by using an RC delay . Delays of 
generating a timing report of an integrated circuit may be interconnections like the first net and delays of gates includ 
performed in operation S9 . ing a pin connected to the interconnections may be calcu 

Referring to FIG . 12 , a parasitics description file 300 may lated , and thus , a timing report 900 may be generated by 
be provided , and data 502 including the number of metal 35 operation S70 ' . 
layers or the effective number of metal layers may be FIG . 14 is a graph showing a relation between the number 
provided . A timing analysis may be performed in operation of vias formed in a layout of an integrated circuit and the 
S70 , and thus , a timing report 900 may be generated . variation of via resistance according to an exemplary 

Referring to FIG . 12 , data 600 including a corner coef - embodiment of the inventive concept . 
ficient may be provided . The corner coefficient may be a 40 Referring to FIG . 14 , the graph shows that as the number 
coefficient indicating a level of a corner case which a of vias increases , the variation of via resistance decreases . In 
designer desires to analyze . For example , the corner coef - other words , vias may have a weak correlation with each 
ficient may correspond to a coefficient of a standard devia - other . Accordingly , as described below with reference to 
tion of a probability distribution according to a process FIG . 15 , applying variations in the same direction to all vias 
variation . In other words , referring to FIG . 7 , the corner 45 included in one net or applying a variation having the same 
coefficient may be a coefficient of a standard deviation size in the same direction to all the vias may cause a 
which a designer desires to apply to an analysis of a corner pessimistic or optimistic analysis . The method according to 
case . For example , when a designer desires to analyze a an exemplary embodiment of the inventive concept may 
worst case , the designer may set the data 600 including N as avoid a pessimistic or optimistic analysis by defining a 
a corner coefficient . N may be the number of multiples of the 50 corner resistance of a via as a function of the number of vias 
standard deviation o . included in a net , as illustrated on a right side of FIG . 14 . 

In operation S70 , an operation of analyzing a timing of an FIG . 15 is a diagram illustrating a pessimistic or optimis 
integrated circuit based on the parasitics description file 300 , tic analysis result when variations in the same direction are 
the data 502 including the number of metal layers , and the applied to resistances of vias as conducting segments when 
data 600 including a corner coefficient may be performed . 55 analyzing a corner case , according to an exemplary embodi 

FIG . 13 is a flowchart illustrating operation S70 ' corre ment of the inventive concept . 
sponding to operation S70 of FIG . 12 , according to an Referring to FIG . 15 , similar to FIGS . 5A and 5B , an 
exemplary embodiment of the inventive concept . As integrated circuit may include two blocks 20 and 40 , a net 
described above with reference to FIG . 12 , an operation of NET _ A " may provide a data path , and a net NET _ B " may 
analyzing a timing of an integrated circuit may be performed 60 provide a clock path . As illustrated in FIG . 15 , each of the 
in operation S70 . Thus , a timing report 900 may be gener - net NET _ A " and the net NET _ B " may include a plurality of 
ated . As illustrated in FIG . 13 , operation S70 ' may include vias in a layout of the integrated circuit . 
operation $ 72 , operation $ 74 , and operation S76 . When variation in a direction decreasing a delay time of 

In operation S72 , an operation of calculating an effective a signal is applied to resistances of vias , for example , when 
corner coefficient may be performed . As described above 65 resistances of vias increase from a nominal value to a value 
with reference to FIG . 6 , all conducting segments may be greater than the nominal value , a delay time of a data path 
prevented , by a stochastic offset , from having a maximum or may be calculated to be relatively long . As a result , a margin 
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of a setup time may be estimated to be relatively small . This connects the first metal layer M1 to a second metal layer M2 
can give a pessimistic result . When a variation in a direction may have a weight that is higher than that of the first via V1 
increasing a delay time of a signal is applied to resistances ( for example , W ( V2 ) that is a weight of the second via V2 
of vias , for example , when resistances of vias increase from may be set to 1 . 2 ) . In other words , weights shown in FIG . 17 
a nominal value to a value greater than the nominal value , 5 may mean that the second via V2 is more sensitive to a 
a delay time of a data path may be calculated to be relatively process variation than the first via V1 . Accordingly , when 
long . As a result , a margin of a hold time may be estimated the number of first vias V1 is 2 and the number of second to be excessively large . This can give an optimistic result . vias V2 is 3 , an effective number of vias may be calculated Accordingly , an integrated circuit may be designed which as 5 . 6 ( 2x1 + 3x1 . 2 ) . has a margin lower or higher than desired . Thus , a failure 10 Data 504 including the number of vias of the first net or rate of a manufactured integrated circuit may increase , or an effective number of vias of the first net may be generated excessive overhead may be applied during the design stage . by operation S50 " . The data 504 may be used for generating FIG . 16 is a flowchart illustrating operation S50 " corre 
sponding to operation S50 of FIG . 9 and operation S70 " a timing report 900 in operation S70 " . 
corresponding to operation S70 of FIG . 12 , according to an 15 In operation $ 78 , an operation of calculating corner operatie 
exemplary embodiment of the inventive concept . FIG . 17 is resistances of vias of the first net may he performed based 
a diagram illustrating an example of a technology file 100 % on the data 504 including the number of vias , the technology 
that is used in FIG . 16 according to an exemplary embodi file 100 ' , and a corner coefficient 600 The technology file 
ment of the inventive concept . For example , FIG . 16 illus - 100 ' may store variations of resistances of vias which 
trates a method of analyzing a timing of an integrated circuit 20 correspond to the number of vias . For example , corner 
based on the number of vias . As illustrated in FIG . 16 , resistances of vias of the first net may he calculated by using 
operation S50 " may include operation S56 and operation the following Equation 3 . 
S58 , and operation S70 " may include operation S78 . 

Referring to FIG . 16 , a parasitics description file 300 or ( corner resistance of vias ) = ( nominal resistance of 
design data 200 of the integrated circuit may be provided . 25 vias ) xCORNER _ COEFFICIENTx ( 1 + via _ varia 
According to an exemplary embodiment of the inventive tion ( number of vias ) ) [ Equation 3 ] 
concept , the number of vias of a first net may be counted Referring to FIG . 17 , the technology file 100 ' may include 
from the parasitics description file 300 . For example , refer - a late via table ( e . g . , a second via table ) and an early via 
ring to FIG . 7 , in the parasitic description file 300 , resistors table , ( e . g . , a first via table ) , and each of the late via table and 
having equal resistances regardless of a sigma level may 30 the early via table may be selectively referred to , based on 
denote resistors of vias . In other words , when values of Z , a corner case to be analyzed . An example of how to calculate 
Z ' , and Z " , which are resistances of R2 , in the parasitics the corner resistances of vias with reference to the late via 
description file 300 , are equal to each other , R2 may table and the early via table will be described in detail with 
correspond to a resistance of a via . This may be because a reference to FIG . 18 below . 
technology file 100 includes a constant resistance of a via , 35 In operation S70 " , a delay time of a signal generated by 
as illustrated in FIG . 7 . Accordingly , in operation S56 , the the first net may be calculated based on corner resistances of 
number of vias included in the first net may be counted by vias calculated by operation S78 , and thus , a timing report 
counting resistors having equal resistances regardless of a 900 of an integrated circuit may be generated . 
sigma level in the first net . In the example of FIGS . 16 and 17 , although corner 

According to an exemplary embodiment of the inventive 40 resistances of vias have been calculated based on a table 
concept , the number of vias of the first net may be counted included in the technology file 100 ' , the inventive concept is 
from the design data 200 of the integrated circuit . The design not limited thereto , and other methods that use properties in 
data 200 of the integrated circuit may include topological which as the number of vias increases , variations of resis 
data of the integrated circuit , and in operation S56 , the tances of the vias decrease may also be used . For example , 
number of vias included in the first net may be counted from 45 according to an exemplary embodiment of the inventive 
the topological data . concept , in operation S70 " of FIG . 16 , a variation of a net 

As illustrated in FIG . 11 , when a net includes a plurality may be directly calculated by using a nominal value of vias 
of paths , the number of vias of the net may be a function of and a standard deviation o instead of referring to a function 
the number of vias included in each of the plurality of paths . or table having the number of vias as an argument . When a 
Similar to the case of metal layers , as the number of vias 50 path to be analyzed includes n vias ( for example , via 1 , via 
increases , a difference between a corner resistance and a 2 , . . . , and via n ) , a corner resistance of any via ( for 
nominal resistance of the vias decreases . Thus , the number example , via k , where k is an integer between 1 and n , 
of vias of the net may be the number of vias of the path that inclusive of 1 and n ) of the vias via 1 to via n on the path 
has the least vias , from among the plurality of paths to may be calculated by using the following Equation 4 . In 
conservatively perform a timing analysis of the net . 55 Equation 4 , o ( via k ) denotes a standard deviation of the via 

In operation S58 , an operation of calculating an effective k . Equation 4 is similar to Equation 3 , but is different from 
number of vias in the first net may be performed . The Equation 3 as follows . While , in Equation 3 , a statistical 
operation of calculating an effective number of vias may be effective value is calculated in advance and the calculated 
selectively performed . Each of the vias of the first net may statistical effective value is stored in a table for the number 
have a weight according to a level in which the particular via 60 of vias to use it , a method of Equation 4 directly calculates 
has been disposed , and a weighted sum to which the weight the statistical effective value . 
has been applied may be calculated as an effective number 
of vias . For example , referring to FIGS . 4 and 17 , the 
number of first vias V1 that electrically connect a first metal ( corner resistance of via k ) = [ Equation 4 ] 
layer M1 to an active region of an active transistor may be 65 ( nominal resistance of via k ) + a criterion ( for example , W ( V1 ) that is a weight of the first 
via V1 may be set to 1 ) , and a second via V2 that electrically 
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- continued for the PBA is relatively long , the PBA in operation S70 _ 2 
( via k ) 2 may be performed on a part that needs to be analyzed in 

CORNER _ COEFFICIENT greater detail based on the analysis result of the GBA 
performed in operation S70 _ 1 . 

In operation S70 _ 3 , an aggressive PBA may be per 
formed . The aggressive PBA may analyze related all paths 

FIG . 18 is a flowchart illustrating operation S78 ' corre - with respect to a part that needs to be analyzed in greater 
sponding to operation S78 of FIG . 16 , according to an detail based on the analysis result of the PBA performed in 
exemplary embodiment of the inventive concept . As operation S70 _ 2 , and may analyze a timing based on physi 
described above with reference to FIG . 16 , an operation of 10 f 10 cal characteristics of each of the paths . 
calculating corner resistances of vias of the first net based on A method according to an exemplary embodiment of the 

inventive concept may provide various options correspond the data 504 including the number of vias , the technology 
file 100 ' , and the corner coefficient 600 may be performed in ing to various levels to analyze a timing of an integrated 

circuit . In other words , the method may provide different operation S78 . Referring to FIG . 18 , operation S78 ' may o May 15 parameters that support the GBA , PBA , and the aggressive 
include operation S78 _ 2 and operation S78 _ 4 . PBA . This operation will be described below with reference 

In operation S78 _ 2 , an operation of determining variation to FIG . 20 . 
levels of vias in a first net may be performed . In other words , FIG . 20 is a flowchart illustrating a timing analysis 
it may be determined which one of late and early via tables operation of FIG . 19 , according to an exemplary embodi 
the vias in the first net will refer to , based on the type of a 20 ment of the inventive concept . As described above with 
signal that moves through the first net . For example , refer reference to FIG . 19 , with respect to a timing analysis , the 
ring to FIG . 15 , when analyzing a setup time , it may be GBA may be performed in the operation S70 _ 1 , the PBA 
determined that vias included in the net NET _ A " refer to the may be performed in the operation S70 _ 2 , and the aggres 
late via table so that the net NET A " corresponding to a data sive PBA may be performed in operation S70 _ 3 . As illus 
path corresponds to a relatively long delay time . In addition , 25 trated in FIG . 20 , an analysis operation of each of operations 
it may be determined that vias included in the net NET _ B " S70 _ 1 to S70 _ 3 may be performed based on a parasitics 
refer to the early via table so that the net NET _ B " corre - description file 300 , data 502 including the number of metal 
sponding to the clock path corresponds to a relatively short layers , data 504 including the number of vias , and data 600 
delay time . In addition , when analyzing a hold time , it may including a corner coefficient . 
be determined that vias included in the net NET _ A " refer to 30 In operation S70 _ 11 included in operation S70 _ 1 , a 
the early via table so that the net NET _ A " corresponding to corner resistance and a corner capacitance of a net may be 
the data path corresponds to a relatively short delay time and calculated based on the number of metal layers of the net and 
it may be determined that vias included in the net NET _ B " the number of vias of the net . For example , referring to FIG . 
refer to the late via table so that the net NET _ B " corre - 11 , the number of metal layers of the first net NET _ 1 ' may 
sponding to the clock path corresponds to a relatively long 35 be the number of metal layers of the path that has the least 
delay time . number of layers from among the numbers of metal layers 

In operation S78 _ 4 , an operation of calculating corner included in the plurality of paths to conservatively perform 
resistances of vias with reference to the late via table or the a timing analysis of the net . For example , referring to FIG . 
early via table may be performed . Based on a result deter - 11 , the number of metal layers of the first net NET _ 1 ' may 
mined in operation S78 _ 2 , a table ( e . g . , the late via table or 40 be a minimum value of the number of metal layers of the 
the early via table ) that is to be used to calculate resistances three paths P1 to P3 , respectively . A corner resistance and a 
of vias in the first net may be determined , and the resistance corner capacitance of a pattern formed in a metal layer may 
of the vias may be calculated based on the determined table . be calculated based on the number of metal layers of the first 

FIG . 19 is a flowchart illustrating operation S70 of FIG . net NET _ 1 ' . In addition , the number of vias of the first net 
12 , according to an exemplary embodiment of the inventive 45 NET _ 1 ' may be the number of vias of the path that has the 
concept . As described above with reference to FIG . 12 , least vias , from among the three paths P1 to P3 . A corner 
operation S70 of FIG . 12 may include calculating a delay resistance of the vias may be calculated by referring to an 
time of a signal that is generated by a net using an RC delay , early via table or a late via table based on the number of vias 
and the timing report 900 of an integrated circuit may be of the first net NET _ 1 ' . In the example of FIG . 20 , whether 
generated based on the calculated delay time . Referring to 50 to refer to the early via table or the late via table may be 
FIG . 19 , operation S70 of FIG . 12 may include three determined by an " early _ late " argument , and the early via 
operations S70 _ 1 to S70 3 . table or the late via table may be selectively chosen accord 

In operation S70 _ 1 , a graph - based analysis ( GBA ) may i ng to an item ( e . g . , a setup time or a hold time ) to be 
be performed . The GBA provides an analysis result having analyzed , as described above with reference to FIG . 17 . 
a relatively low accuracy , but may reduce a time that is 55 In operation S70 _ 21 included in operation S70 _ 2 , a 
required to analyze a timing of an integrated circuit . For corner resistance and a corner capacitance of a path may be 
example , the GBA may analyze an output signal of a gate , calculated based on the number of metal layers of the net and 
based on a signal having the most pessimistic slew from the number of vias of the net . For example , referring to FIG . 
among signals that are applied to a plurality of inputs of the 11 , a corner resistance and a corner capacitance of a pattern 
gate . 60 formed in a metal layer may be calculated based on the 

In operation S70 _ 2 , the PBA may be performed . The PBA number of metal layers of the first net NET _ 1 ' , and a corner 
may need a long time to analyze a timing of an integrated resistance of vias of each of the paths P1 to P3 may be 
circuit , but may provide an analysis result having a relatively calculated based on the number of vias of each of the paths 
high accuracy . For example , the PBA may analyze an output P1 to P3 . 
signal of a gate , based on a signal influencing on the output 65 In operation S70 _ 31 included in operation S70 _ 3 , a 
signal of the gate from among signals that are applied to a corner resistance and a corner capacitance of a path may be 
plurality of inputs of the gate . Since a time that is required calculated based on the number of metal layers of the net and 
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the number of vias of the net . For example , referring to FIG . software or hardware element and may correspond to an 
11 , a corner resistance and a corner capacitance of a pattern element obtained by a combination of software and hard 
formed in a metal layer may be calculated based on the ware . 
number of metal layers of each of the paths P1 to P3 , and a According to an exemplary embodiment of the inventive 
corner resistance of vias of each of the paths P1 to P3 may 5 concept , when a module that performs each of operations 
be calculated based on the number of vias of each of the S300 , S500 , and S700 is a software element as shown in 
paths P1 to P3 . FIG . 22 , the module may be contained in a storage medium 

FIG . 21 is a flowchart illustrating a method of analyzing that may be accessed by a processor , and may be configured 
an integrated circuit , according to an exemplary embodi - to be executed in at least one processor . For example , the 
ment of the inventive concept . For example , FIG . 21 , which module may be an object - oriented software element , a class 
corresponds to an example of the method illustrated in FIG . element , or a task element . Also , the module may include 
1 , illustrates a flowchart showing in detail a process of processes , functions , attributes , procedures , subroutines , 
inputting data , outputting data , and processing data . segments of program code , drivers , microcode , data struc 

Referring to FIG . 21 , a technology file 100 and a design 16 tures , tables , arrays , and variables . 
data 200 of an integrated circuit may be provided . As FIG . 22 is a block diagram illustrating a computer 
described above , the technology file 100 may include infor - readable storage medium 1000 according to an exemplary 
mation about a process of manufacturing a semiconductor embodiment of the inventive concept . Referring to FIG . 22 , 
device including an integrated circuit , for example , a unit the computer - readable storage medium 1000 may include a 
resistance and a unit capacitance of a metal layer , and a 20 technology file 1100 , design data 1200 of an integrated 
resistance of a via , and a standard deviation for distribution circuit , a circuit extractor 1300 , reference data 1400 , a 
of resistances and capacitances . The design data 200 of the segment counter 1500 , and a timing analyzer 1600 . 
integrated circuit may include information about the inte The computer - readable storage medium 1000 may 
grated circuit , for example , a netlist of the integrated circuit include a storage medium that may be read by a computer 
and topological data related to a layout of the integrated 25 while the storage medium is used for providing instructions 
circuit . and / or data to the computer . For example , the computer 

A circuit extraction operation may be performed in opera readable storage medium 1000 may include a magnetic or 
tion S300 , and thus , a parasitics description file 300 may be optical medium , such as a disk , a tape , compact disc read 
generated . As described above with reference to FIG . 7 , the only memory ( CD - ROM ) , digital versatile disc ( DVD ) 
parasitic description file 300 may include a plurality of 30 of 30 ROM , compact disc recordable ( CD - R ) , compact disc 

rewritable ( CD - RW ) , DVD - R , or DVD - RW , a volatile or resistances and a plurality of capacitances , which corre 
spond to conducting segments forming a net of an integrated non - volatile memory , such as random access memory 

( RAM ) , read - only memory ( ROM ) , or a flash memory , a circuit , and the plurality of resistances and the plurality of non - volatile memory that is accessible via an USB interface , capacitances may correspond to sigma levels . 35 and / or microelectromechanical systems ( MEMS ) . The com In operation S500 , an operation of counting conducting puter - readable storage medium 1000 may be inserted in a 
segments may be performed , and thus , the data 500 includ computer , be integrated in a computer , or be combined with 
ing the number of metal layers and the number of vias may a computer via communication media , such as a network 
be generated . As described above with reference to FIG . 10 , and / or a wireless link . 
the number of metal layers may be counted , and an effective 40 The technology file 1100 may include information about 
number of metal layers may be calculated from the length of a process of manufacturing a semiconductor device includ 
the patterns formed in the metal layers . In addition , as i ng an integrated circuit , and the design data 1200 of the 
described above with reference to FIG . 16 , the number of integrated circuit may include information about a netlist or 
vias may be the number of vias included in a net or may be layout of the integrated circuit . In the example of FIG . 22 , 
an effective number of vias which is a weighted sum to 45 although the technology file 1100 and the design data 1200 
which a weight has been applied based on levels in which of the integrated circuit are stored in the computer - readable 
vias has been disposed . storage medium 1000 along with other elements , the tech 

In operation S700 , an operation of analyzing a timing of nology file 1100 and the design data 1200 of the integrated 
the integrated circuit may be performed , and thus , a timing circuit may be stored in another storage medium that is 
report 900 of the integrated circuit may be generated . For 50 separate from the computer - readable storage medium 1000 , 
example , the timing analysis in operation S700 may be a and the storage medium and the computer - readable storage 
static timing analysis ( STA ) , and may calculate a delay time medium 1000 may be separately accessed by a computing 
of a signal generated in a net , based on the parasitics system or a processor included in a computing system . 
description file 300 , the data 500 including the number of The circuit extractor 1300 may include a plurality of 
metal layers and the number of vias , and data 600 including 55 instructions for performing an operation of generating a 
a corner coefficient set in advance by a designer or set by parasitics description file according to one or more exem 
default . For example , the designer may manually set the plary embodiments of the inventive concept , based on the 
corner coefficient . As described above with reference to FIG . technology file 1100 and the design data 1200 of the 
19 , a GBA , a PBA , and an aggressive PBA may be sequen - integrated circuit . 
tially performed in operation S700 . 60 The segment counter 1500 may include a plurality of 

Operations S300 , S500 , and S700 illustrated in FIG . 21 instructions for performing an operation of generating data 
may be performed in separate modules , respectively , or may including the number of conducting segments according to 
be performed in a single module . The module may be a unit one or more exemplary embodiments of the inventive con 
performing a specific function or may correspond to a cept , based on the design data 1200 of the integrated circuit 
software or hardware element ( e . g . , a field programmable 65 and / or a parasitics description file generated by the circuit 
gate array ( FPGA ) or an application specific integrated extractor 1300 . The number of conducting segments may be 
circuit ( ASIC ) ) . However , the module is not limited to a a value obtained by counting the conducting segments of the 

nit 
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integrated circuit or may be a value calculated from the The memory subsystem 2300 may include a volatile 
value obtained by the counting . memory 2320 and a non - volatile memory 2340 . The volatile 

The timing analyzer 1600 may include a plurality of memory 2320 and the non - volatile memory 2340 may each 
instructions for performing an operation of generating a include any type of memory device . For example , the 
timing report of the integrated circuit according to one or 5 volatile memory 2320 may include dynamic random access 
more exemplary embodiments of the inventive concept , memory ( DRAM ) , static random access memory ( SRAM ) , 
based on a parasitics description file generated by the circuit mobile DRAM , double data rate synchronous dynamic 
extractor 1300 , data including the number of conducting random access memory ( DDR SDRAM ) , low power DDR 
segments , generated by the segment counter 1500 , and a ( LPDDR ) SDRAM , graphic DDR ( GDDR ) SDRAM , or 
corner coefficient set by a designer or set by default . For " Rambus dynamic random access memory ( RDRAM ) . The 
example , the timing analyzer 1600 may calculate an effec - non - volatile memory 2340 may include electrically erasable 
tive corner coefficient from the corner coefficient based on programmable read - only memory ( EEPROM ) , a flash 
the number of conducting segments , and may calculate a memory , phase change random access memory ( PRAM ) , 
corner resistance and a corner capacitance by selecting one 16 resistance random access memory ( RRAM ) , nano floating 
of a plurality of resistances and capacitances included in the gate memory ( NFGM ) , polymer random access memory 
parasitics description file or by interpolating at least two of ( PORAM ) , magnetic random access memory ( MRAM ) , or 
the plurality of resistances and capacitances included in the ferroelectric random access memory ( FRAM ) . Although not 
parasitics description file , based on the effective corner illustrated in FIG . 23 , a memory controller may be included 
coefficient . The timing analyzer 1600 may calculate a delay 20 in the computing system 2000 to provide an interface of the 
time of a signal generated by a net ( or interconnection ) , memory subsystem 2300 , and / or the processor 2100 may 
based on the calculated corner resistance and corner capaci - include the memory controller . 
tance . The memory subsystem 2300 may store instructions , 

The reference data 1400 may include data that is referred which are used for performing at least a part of the above 
to when the circuit extractor 1300 , the segment counter 25 described method of analyzing a timing of an integrated 
1500 , and the timing analyzer 1700 each perform an opera - circuit , and / or data that is processed by the processor 2100 . 
tion . For example , the reference data 1400 may include a For example , the non - volatile memory 2340 may store a 
standard cell library including topological data and timing plurality of instructions that instruct the processor 2100 to 
information of standard cells , and the standard cell library perform an circuit extraction operation , an operation of may be referred to by the circuit extractor 1300 , the segment 30 counting conducting segments , and an operation of analyz counter 1500 , or the timing analyzer 1700 . ing a timing , and the volatile memory 2320 may store some In the example of FIG . 22 , although the circuit extractor of data generated while the operations are performed , for 1300 , the segment counter 1500 , and the timing analyzer 
1600 are separately stored in the storage medium 1000 , the example , a parasitic description file , the number of metal 
inventive concept is not limited thereto and at least two 35 laye layers , the number of vias , and a timing report . Accordingly , 
selected from the circuit extractor 1300 , the segment counter the processor 2100 may perform methods according to 
1500 , and the timing analyzer 1600 may be combined . For exemplary embodiments . 
example , according to an exemplary embodiment of the The network interface 2500 may provide an interface for 
inventive concept , the segment counter 1500 may be an external interface . For example , the external interface 
included in the circuit extractor 1300 . Alternatively , the 40 may include a plurality of interconnected computing sys 
circuit extractor 1300 and the segment counter 1500 may be tems and communication links , and the communication links 
included in the timing analyzer 1600 . may include wired links , optical links , wireless links , or any 

FIG . 23 is a block diagram illustrating a computing other types of links . 
system 2000 according to an exemplary embodiment of the The user interface 2700 may provide an interface for a 
inventive concept . As illustrated in FIG . 23 , the computing 45 user . The user interface 2700 may include an input device , 
system 2000 may include a processor 2100 , a memory such as a keyboard or a pointing device , and may include an 
subsystem 2300 , a network interface 2500 , a user interface output device , such as a display device or a printer . For 
2700 , and a storage device 2900 , which may communicate example , a user may set a corner coefficient or check a 
with each other via a bus 2200 . timing report , via the user interface 2700 . 

The processor 2100 may be configured to execute instruc - 50 The storage device 2900 may include a storage medium 
tions for performing at least one of the methods according to that is detachable from the computing system 2000 . For 
the exemplary embodiments described above . For example , example , the storage device 2900 may include the computer 
the processor 2100 may execute a plurality of instructions readable storage medium 1000 as illustrated in FIG . 22 . 
for a circuit extraction operation , an operation of counting When the computing system 2000 operates , some of data 
conducting segments , and an operation of analyzing timing . 55 stored in the storage device 2900 , for example , design data 
In other words , some or all of operations included in the of an integrated circuit , may be transmitted to the memory 
flowcharts according to the exemplary embodiments of the subsystem 2300 via the bus 2200 . In addition , data stored in 
inventive concept described above may be performed by the the memory subsystem 2300 , for example , a timing report , 
processor 2100 . According to an exemplary embodiment of may move to the storage device 2900 under the control of 
the inventive concept , the processor 2100 may execute a 60 the processor 2100 , and the storage device 2900 may store 
instruction set ( e . g . , a instruction set for Intel Architecture received data . 
32 ( IA - 32 ) , 64 - bit extended IA - 32 , x86 - 64 , performance While the inventive concept has been particularly shown 
optimization with enhanced RISC — performance computing and described with reference to exemplary embodiments 
( PowerPC ) , scalable processor architecture ( Sparc ) , million thereof , it will be apparent to those of ordinary skill in the 
instructions per second ( MIPS ) , advanced RISC machine 65 art that various changes in form and detail may be made 
( ARM ) , or IA - 64 ) . The computing system 2000 may include therein without departing from the spirit and scope of the 
one or more processors . inventive concept as defined by the following claims . 
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What is claimed is : net comprises calculating a first resistance or a first capaci 
1 . A computer implemented method for analyzing a tance of the first path based on the number of first wiring 

timing of an integrated circuit , layers , and calculating a second resistance or a second 
wherein an interconnection of a first net of the integrated capacitance of the second path based on the number of 

circuit comprises at least one conducting segment cor - 5 second wiring layers . 
responding to one wiring layer or one via , 8 . The method of claim 1 , wherein the counting of the 

the method comprising : number of conducting segments corresponding to the first 
providing a plurality of resistances and a plurality of net comprises providing a number of vias corresponding to 

capacitances , which correspond to the first net , based the first net , and wherein the calculating of the first resis 
on a process variation ; 10 tance of the first net comprises calculating a resistance of the 

counting a number of conducting segments corresponding vias corresponding to the first net based on the number of 
to the first net , wherein counting of the number of vias corresponding to the first net . 
conducting segments corresponding to the first net 9 . The method of claim 8 , wherein the calculating of the 
comprises counting a number of wiring layers corre - resistance of the vias corresponding to the first net com 
sponding to the first net from topological data of the 15 prises : 
first net ; and determining a variation level of the first net based on a 

calculating a first resistance or a first capacitance of the type of a signal transmitted through the first net ; and 
first net , based on the number of conducting segments , selectively referring to a first via table or a second via 
the plurality of resistances , and the plurality of capaci table based on the variation level , wherein the first via 
tances . 20 table or the second via table comprises variations of 

2 . The method of claim 1 , wherein each wiring layer of the vias corresponding to the number of vias corresponding 
integrated circuit has a probability distribution of a unit to the first net . 
capacitance based on the process variation , 10 . The method of claim 8 , wherein as the number of vias 

wherein the providing of the plurality of resistances and increases , the resistance of the vias approaches a nominal 
the plurality of capacitances comprises providing a 25 resistance of the vias . 
capacitance corresponding to an average value of the 11 . The method of claim 8 , wherein the providing of the 
probability distribution and at least one value that is plurality of resistances and the plurality of capacitances 
separate from the average value by as much as a comprises providing a plurality of resistances and a plurality 
multiple of a standard deviation of the probability of capacitances for the at least one conducting segment 
distribution . 30 based on the process variation , 

3 . The method of claim 2 , wherein the calculating of the wherein the providing of the number of vias comprises 
first capacitance of the first net comprises : counting a number of vias having the plurality of 

calculating a first coefficient based on a second coefficient resistances in common . 
set in advance and the number of wiring layers , wherein 12 . The method of claim 8 , wherein the providing of the 
the second coefficient corresponds to a coefficient of a 35 number of vias comprises : 
standard deviation of probability distribution according counting a number of first level vias formed at a first level 
to the process variation ; and from among vias included in the interconnection of the 

calculating the first capacitance of the first net based on at first net and a number of second level vias formed at a 
least one of the plurality of capacitances corresponding second level from among the vias included in the 
to the first net and the first coefficient . interconnection of the first net ; and 

4 . The method of claim 3 , wherein as the number of generating a weighted sum as the number of vias corre 
wiring layers increases , the second coefficient decreases . sponding to the first net , wherein the weighted sum is 

5 . The method of claim 1 , wherein the counting of the obtained by applying a first weight to the number of 
number of wiring layers corresponding to the first net first level vias and applying a second weight to the 
comprises calculating an effective number of wiring layers 45 number of second level vias . 
based on lengths of patterns included in the wiring layers of 13 . A computer implemented method for analyzing a 
the first net and the number of wiring layers , timing of an integrated circuit , wherein an interconnection 

wherein the effective number of wiring layers is substan - of a first net of the integrated circuit comprises at least one 
tially inversely proportional to the lengths of the pat - conducting segment corresponding to one wiring layer or 
terns in the wiring layers of the first net . 50 one via , 

6 . The method of claim 1 , wherein the first net is con - the method comprising : 
nected to one output pin and first and second input pins , receiving a technology file and design data of the inte 

wherein the counting of the number of wiring layers grated circuit ; 
corresponding to the first net comprises : extracting a plurality of resistances and a plurality of 

counting a number of first wiring layers , wherein the first 55 capacitances which correspond to a process variation of 
wiring layers include wiring layers corresponding to a the first net ; 
first path between the output pin and the first input pin ; counting a number of conducting segments corresponding 

counting a number of second wiring layers , wherein the to the first net from the design data ; 
second wiring layers include wiring layers correspond calculating a corner resistance and a corner capacitance of 
ing to a second path between the output pin and the 60 the first net based on the number of conducting seg 
second input pin ; and ments , the plurality of resistances , and the plurality of 

selecting the smaller of the number of first wiring layers capacitances ; and 
and the number of second wiring layers as the number calculating a delay time of the first net based on the corner 
of wiring layers of the first net . resistance and the corner capacitance . 

7 . The method of claim 6 , wherein when a timing analysis 65 14 . The method of claim 13 , wherein the counting of the 
of the integrated circuit is a path - based analysis , the calcu - number of conducting segments corresponding to the first 
lating of the first resistance or the first capacitance of the first net comprises receiving a number of vias corresponding to 
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the first net , and the calculating of the corner resistance and 17 . The method of claim 15 , wherein the technology file 
the corner capacitance of the first net comprises calculating includes an first via table and a second via table , 
a corner resistance of the vias based on the number of vias . wherein calculating the corner resistance of vias in the 

15 . A computer implemented method for analyzing a first net includes determining whether to use the first timing of an integrated circuit , via table or the second via table based on a type of the method comprising : 
providing a parasitics description file or design data signal passing through the first net , and 

corresponding to a first net of the integrated circuit ; wherein calculating the corner resistances of the vias in 
providing a technology file ; the first net is based on the determined first via table or 
providing a corner coefficient , wherein the corner coeffi second via table , the counted number of vias , and the 

cient indicates a multiple of a standard deviation corner coefficient . 
according to a process variation ; 18 . The method of claim 15 , wherein when the counted 

counting a number of vias of the first net from the number of vias increases , a variation of via resistance 
parasitics description file or from the first net ; and decreases . 

calculating a corner resistance of vias in the first net using . . 19 . The method of claim 15 , wherein , when the first net 
the counted number of vias , the technology file , and the 1 : includes a first path and a second path for transmitting a 
corner coefficient , wherein the corner resistance indi signal , and 
cates a resistance of the vias in the first net that when the first path includes a first number of vias and the accounts for the process variation . second path includes a second number of vias that is 16 . The method of claim 15 , wherein the number of vias 

is counted using topological data of the integrated circuit 20 greater than the first number of vias , the counted 
included in the design data , or by counting resistors having number of vias of the first net equals the first number 

of vias . common resistances included in the parasitics description 
file . 


